###### Strengths and limitations of the study

-   Effectiveness of the intervention will be established through a randomised controlled trial.

-   The trial protocol was pilot tested and was found feasible.

-   This is the first ever stroke trial in India evaluating a mHealth rehabilitation intervention.

-   Stringent inclusion criteria for participant recruitment.

-   The duration of follow-up in the trial is not long.

Introduction {#s1}
============

Globally around 15 million people suffer from stroke each year and a quarter of them experience permanent disability.[@R1] Much of this burden is borne by low-income and middle-income countries (LMICs).[@R2] The increase in prevalence of stroke[@R3] and consequently of stroke-related disability may cause an overwhelming demand for rehabilitation services worldwide.[@R3] This situation is especially of concern for LMICs like India where the resources for rehabilitation are often limited.[@R3]

Stroke is one of the leading causes of death and disability in India. Given the paucity of data on stroke in India, a systematic review of population-based studies on stroke in India was conducted. Studies included in this review showed that the crude stroke prevalence during the past two decades in India ranged from 44/100 000 persons to 559/100 000 persons,[@R4] and the cumulative incidence of stroke in India ranged from 105--152/100 000 person per year.[@R4] These estimates on stroke incidence and prevalence are found to be higher than those reported from high-income countries.[@R5] The growing burden of stroke-related disability and the unmet need for rehabilitation following stroke in India poses a major public health challenge.

There is a paucity of global evidence on the effectiveness of therapy-based stroke rehabilitation, especially in long-term care.[@R6] Available evidence shows that there is no single physical rehabilitation approach that is more effective than combinations of care.[@R8] Provision of information to stroke survivors and caregivers has been shown to improve functional outcomes.[@R9] However, the best way to do this is still unclear. Recently, mHealth options are rising substantially and mobile technology has been substantially used to communicate for health-related reasons. Though mHealth strategies have developed various solutions to meet the needs of stroke survivors, the best way to use this approach in stroke rehabilitation is also still unclear.[@R10] There is insufficient evidence for tele-rehabilitation services.[@R11] This context provides a strong grounding for the development of cost-effective multidimensional stroke rehabilitation interventions to meet the demands of the stroke survivors. In the absence of organised stroke care services and with the limited resources available for rehabilitation, a comprehensive approach to address the growing burden of stroke-related disability in India becomes pertinent.[@R12] This approach could be pivotal in integrating various strategies for rehabilitation[@R3] (educational, community-based rehabilitation, digital technology, self/supported management and so on). It could also be useful for targeting the full range of impacts of stroke, including on impairments, activity limitations and participation restriction, as outlined in the 'biopsychosocial conceptualisation of disability framework' for the intervention, as proposed by the International Classification of Functioning Disability and Health (ICF).[@R13]

A smartphone-enabled carer-supported educational intervention was developed by our group for the management of physical disabilities following stroke in India.[@R14] This intervention was named as 'Care for Stroke'. It was developed using the systematic approach to development and evaluation of complex interventions, as recommended by the Medical Research Council (MRC) in the UK.[@R15] We intended to bridge the gaps in access to stroke services through this innovative intervention which optimises relevant public health practice with the support from mobile devices such as smartphones, personal digital assistants and other wireless devices.[@R17] To the best of our knowledge, there is no other stroke rehabilitation intervention enabled through mHealth platforms that are available and relevant to India.

The intervention was evaluated for its feasibility and acceptability in an Indian context.[@R18] The intervention includes information about stroke and the ways to manage physical disability following stroke. It contains a practical demonstration of functional poststroke exercises to acquire the functional abilities necessary to perform everyday tasks, adaptive techniques to perform one's own daily activities independently and a specific section on assistive devices that could enable participation of the stroke survivors in their daily tasks.[@R14] Findings from the pilot-testing showed that the 'Care for Stroke' intervention was feasible and acceptable in the Indian context.[@R18] About 95% of the stroke survivors and all the caregivers (100%) rated the intervention as 'excellent', based on its (a) overall credibility, (b) feasibility and (c) user-friendliness.[@R18]

However, feasibility and acceptability alone will not be sufficient to inform implementation and scalability.[@R16] Nor will it be enough in order to advocate for change in policy towards implementation of an intervention.[@R19] Investigating the intervention clinical and cost-effectiveness will provide insights for planning, implementation and the potential scalability of the intervention, especially in countries with limited resources. Given the methodological quality of the available evidence,[@R9] there is a pressing need to conduct a rigorous (randomised, controlled, sufficiently powered) clinical trial to demonstrate the effectiveness of the 'Care for Stroke' intervention.

Objective {#s2}
=========

The objective of the randomised controlled trial is to evaluate whether the 'Care for Stroke' intervention is effective for the reduction of dependency in activities of daily living among stroke survivors compared with people receiving standard treatment in an India setting. The primary outcome for the study is disability measured by the modified Rankin Scale (MRS).

Methods {#s3}
=======

Overview {#s3a}
--------

This trial will be a pragmatic, randomised, outcome assessor-blinded trial to quantify the effectiveness of the Care for Stroke intervention on reducing dependency in activities of daily living following stroke. A total of 266 adult stroke survivors who fulfil the eligibility criteria will be randomised to receive either 'Care for Stroke' intervention or standard treatment and will be followed for 6 weeks. The flow chart of the entire trial process is provided in [figure 1](#F1){ref-type="fig"}.

![Flow chart of the Care for Stroke trial.](bmjopen-2017-020098f01){#F1}

Pragmatic design and the uncertainty principle {#s3b}
----------------------------------------------

The effectiveness of the intervention in routine practice can be assessed using the pragmatic trial design. Until now, there is no evidence for effectiveness of stroke rehabilitation interventions that is unidisciplinary, led by a physician, neurologist or a physiotherapist alone.[@R12] However, a physiotherapist or physician-driven unidisciplinary rehabilitation is what is commonly practised in the context of stroke rehabilitation in India.[@R12] Given the lack of evidence, there is a natural uncertainty among the health professionals involved in provision of stroke care about what intervention could work best for the stroke survivors in an Indian context. The eligibility for participant recruitment in the 'Care for Stroke Intervention' trial will be based on this uncertainty principle. This approach to assess participant eligibility is well established.[@R20]

Setting {#s4}
=======

Participant recruitment {#s4a}
-----------------------

Participants will be identified using their contact details from treatment records for their first ever stroke. These details for stroke survivors in India exist in two places. Participant diagnosis and details can be collected from the hospital records from which an individual received treatment for his/her stroke. It is also available at the government health insurance department where the cost of the treatment for stroke is covered by this insurance department. Hence, participants will be identified through both these options. The identified participants will be contacted at their home for consent and recruitment. The intervention will be provided to the participants at home and they will be asked to use the intervention in their home.

Eligible participants {#s5}
=====================

Inclusion criteria {#s5a}
------------------

-   Adults (aged ≥18 years).

-   Recent diagnosis of first ever stroke as defined by the WHO.[@R21]

-   Any level of stroke severity (score 1--42, according to National Institute of Health (NIH) stroke scale.[@R22])

-   Stroke survivor medically stable (reaching a point in medical treatment where life-threatening problems following stroke have been brought under control).

-   Poststroke functional status of the stroke survivor: requiring assistance of at least one person to perform daily activities such as transfers, self-care and mobility (ie, scoring less than the maximum score obtainable in one or more components of the Barthel Index[@R24]).

-   Stroke survivor residing with a primary caregiver (family member) at home.

Exclusion criteria {#s6}
==================

-   Severe cognitive difficulties (scoring \>1 in orientation, executive function, inattention and language components of the NIH Stroke Scale for cognition[@R25]).

-   Severe communication problem (scoring \>1 in dysarthria and best language component of the NIH Stroke Scale[@R22]).

-   Stroke survivor functionally dependent because of other pre-existing conditions (eg, amputation, fracture and dementia).

-   Stroke survivor without a primary caregiver.

-   Stroke survivor unwilling/unable to adhere to the study protocol.

-   Stroke survivors who did not meet the training requirements regarding operation of a smartphone. This criterion was deliberately placed just to make sure that there is no dropout after the recruitment. It was based on the observations from previous piloting.

Randomisation {#s7}
=============

Stroke survivors will receive all-usual treatment for stroke. Participants eligible for inclusion will be identified by a trial investigator. The eligible participants will be initially contacted by telephone and they will be visited in person at their home by the investigator to share the details about the study to the participant and the identified caregiver. A participant information sheet outlining the study objectives, risks and benefits along with brief information sheet about stroke will be provided to the participant. Written informed consent for participation in the intervention will be sought from all participants or from the next of kin if the participant is unable to consent.

An entry form will be used to collect baseline information including the contact details of the participant and the identified caregiver. This information will be forwarded to the independent randomisation centre and the participants eligible for inclusion will be randomised to the intervention or control arm in a 1:1 ratio using a secure, central, password-protected, web-based system. The intervention will be started within 24 hours of randomisation.

Sample size estimation {#s8}
======================

The two main factors that determine the number of participants needed in this trial are the estimated event rate and the size of the treatment effect. The primary outcome for the 'Care for Stroke' trial is dependency in activities of daily living measured at 6 weeks postrecruitment.

Estimated event rate: in a meta-analysis of early supported discharge trial among participants with stroke, 50% of the stroke survivors were either dead or dependent at the end of follow-up and the beneficial effect of the intervention in the treatment group was an odds reduction of 21% of death and dependency.[@R26]

As a non-inferiority one-sided trial, to evaluate the effectiveness of the smartphone-enabled educational intervention on dependency, there will be a requirement of 266 participants (133 in each group) to detect a 20% difference in dependency among the participants between the treatment groups with 90% power at the 5% level of statistical significance and with 20% loss to follow-up.

A non-inferiority trial could exclude the possibility of a small degree of inferiority of a new intervention relative to an active control given the sample size. The results of the trial provided by the CI will allow concrete evaluation of the precision actually achieved, superseding any power calculation carried out before the starting the trial.

Intervention {#s9}
============

The 'Care for Stroke' intervention will be delivered through a smartphone and it will include information about stroke and the ways to manage poststroke disabilities. The intervention includes 2--3 min of 60 videos in vernacular language organised in five sections. The sections are: (1) information about stroke, (2) home-based exercises, (3) functional skills training, (4) activities of daily living, and (5) assistive devices. The intervention will be self-directed, with participants seeking information in the different categories as they require. The intervention will also have an option for the stroke survivor or the identified caregiver to contact the intervention provider for any technical support in accessing the intervention through smartphone.

Intervention arm {#s10}
================

The stroke survivor and their caregiver will receive 45--60 min of training on accessing and use of the intervention (watching videos) via the smartphone. Participants will then be provided with a smartphone preloaded with the 'Care for Stroke' intervention and asked to try it out on their own. Three or more errorless attempts to retrieve any required part of the intervention from the smartphone will be considered successful training. After successful training, participants will be provided with a smartphone loaded with the intervention and will be asked to use this intervention at their discretion at home over a 6-week period.

The identified caregivers of stroke survivors will be asked to support the stroke survivors as and when necessary to access the intervention from the smartphone. The participants will be telephonically supported at least once in a week during the intervention period. The telephonic support is essentially to remind and obtain updates from the participants or identified caregivers on utilisation of the intervention. A summary of this conversation will be documented and the notes will be kept privately in a locked cupboard. The participants in the intervention arm will not be restricted from receiving standard treatment for their stroke.

Control arm {#s11}
===========

Participants in the control arm will receive standard poststroke rehabilitation services. In general, the standard treatment may include provision of physiotherapy (45 to 60 min) at home or in a clinic facility for the stroke survivors based on goals set by the specific therapist or a rehabilitation team.

Outcome measures {#s12}
================

Primary outcome {#s12a}
---------------

The primary outcome measure is dependency in activities of daily living and will be measured by the MRS[@R27] at baseline and at 6 weeks after randomisation. The MRS scale measures the degree of disability or dependence in the activities of daily living of people who have suffered a stroke in six categories. The scores range from 0 (no symptoms) to a maximum of 6 (dead). A dichotomous approach to outcome analysis will be used. Participants' scores will be categorised into MRS scores of 0--3 and 4--6.

Secondary outcome {#s13}
=================

Secondary outcome measures will be:Modified Barthel Index.[@R24]Modified Caregiver Strain Index.[@R28]Quality of Life measured by World Health Organization - Quality of Life Brief (WHOQOL--BREF).[@R29]Use of healthcare and rehabilitation services (therapy, hospitalisation and medication, AYUSH, traditional practices and so on).This information will be collected through questionnaire at baseline and after 6 weeks. The smartphone application has an inbuilt monitoring mechanism where the usage of the intervention by the participants will be tracked.

Costs for rehabilitative care will be collected from participants both in the treatment groups to see whether the Care for Stroke intervention delivered through a smartphone reduces the overall costs of care (cost-effectiveness).Direct costs of healthcare and rehabilitation since the time of stroke.Indirect costs (a family member giving up paid employment and taking the role of a caregiver, travel costs and so on).

Follow-up {#s14}
=========

An outcome form will be completed at 6 weeks after randomisation or at death, if either happens sooner. A blinded outcome assessor will evaluate all the outcomes (primary and secondary) at baseline and at 6 weeks. A relatively short follow-up period has been selected as The Stroke Therapy Academic Industry Round Table strongly recommends a shorter follow-up period to reduce variation in clinical outcome that could occur due to subsequent stroke events that are unrelated to the trial.[@R24] This will also allow accurate assessment of the outcome.[@R30]

Adverse events {#s15}
==============

Adverse events are very common among acute stroke survivors. Some of the expected adverse events during the trial are as follow:Death due to any vascular causes (eg, myocardial infarction, recurrent stroke).Hospitalisation due to poststroke complications such as infections, brain oedema, seizures, deep vein thrombosis, urinary tract infections, pressure sores and shoulder subluxation, dislocation and fracture.Occurrence of secondary stroke.

These events will be documented during follow-up telephone calls and it will be presented to an independent data safety and monitoring committee for unblinded review.

Data collection and management {#s16}
==============================

This trial will be centrally coordinated from the Trial Coordination Center (TCC) at the Indian Institute of Public Health (IIPH) Hyderabad. Baseline data will be collected by the investigator and follow-up data will be collected with appropriate translation by an independent blinded outcome assessor on paper forms. These data will be securely scanned and sent to the TCC for entry into the password-protected, secured electronic database. An independent data safety and monitoring committee (DSMC) will be set up to monitor data collection and management. A trial steering committee will also be set up to oversee the conduct of the trial.

Analysis {#s17}
========

The main analyses will compare all those allocated to the 'Care for Stroke' intervention with those allocated to the standard treatment group on an 'intention-to-treat' basis, irrespective of whether the participants received the treatment allocated or not. The imbalance in recruiting equal number of participants if any will be addressed during the analysis phase using appropriate statistical techniques. The dichotomised MRS scores (0--3 and 4--6) in both the groups will be used to calculate the effect estimates with a measure of precision (95% CI) and presented in the results of the trial. Subgroup analysis for the primary outcome will be based on stroke severity, location of the participant (urban/rural), gender and age at stroke. Interaction tests will also be used to test whether the effect of treatment (if any) differs across these subgroups.

Recruitment of participants {#s17a}
---------------------------

The trial will identify and recruit participants from the hospital records as well as stroke insurance records available at the Aarogyasri trust until the sample size is achieved. Currently, the average stroke insurance claim rate through this trust is 10--12 stroke survivors per month. Hence, it would take approximately 32--36 months for recruiting the proposed number of participants in this trial.

Patient and public involvement {#s18}
==============================

Patients and public were not involved for the purpose of protocol development.
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